1. Introduction {#sec1-foods-08-00345}
===============

Milk contains essential components with different biological functions, including nutrients such as amino acids, fatty acids, proteins, vitamins, and minerals as well as immunoglobulins and antimicrobials, but at the same time, it might contain potentially harmful amounts of metals. The composition of dairy products reflects neonatal requirements for growth and development and immunological protection. For this reason, milk consists of significant amounts of proteins, fat, fat- and water-soluble vitamins, and minerals \[[@B1-foods-08-00345],[@B2-foods-08-00345],[@B3-foods-08-00345]\].

Milk composition has been reported to be associated with the breed of cattle, diet provided to dairy cows, minerals and vitamins supplementation, production management system, soil, and the use of pesticides or insecticides to the feedstuff provided to dairy cows \[[@B4-foods-08-00345]\]. Those factors, in combination with the growing environment pollution, agricultural, and urban emissions, are some of the reasons that milk and dairy products may contain toxic chemical pollutants \[[@B5-foods-08-00345]\]. Heavy metals such as cadmium (Cd), chromium (Cr), lead (Pb), or nickel (Ni) accumulate in plant materials and consequently pass into the milk and milk products. Recently, we reported that concentrations of two heavy metals including Cd in the raw milk from several areas of India, Nigeria, Palestine, and Slovakia, and Pb from several areas of Brazil, Croatia, Egypt, India, Mexico, Nigeria, Palestine, Serbia, and Turkey were above their MRLs (minimum risk levels) \[[@B6-foods-08-00345]\]. However, to the best of our knowledge, there is no data published with regards to content of milk metals in the raw milk of dairy cows in Canada. Consumption of milk surpassing the MRLs for heavy metals may lead to replacement of essential metal ions in the body and trigger harmful health effects \[[@B7-foods-08-00345]\]. Therefore, measurement of metals in the milk is of utmost importance to safeguard this nutritious product from potential contamination with heavy metals \[[@B8-foods-08-00345]\].

Improvements in the identification and quantification of metals in liquids by mass spectrometry (MS) has made it possible to accurately measure concentrations of a multitude of metals in milk. To date, the most commonly used analytical procedure for quantification of minerals involves inductively coupled plasma mass spectroscopy (ICP-MS) or inductively coupled plasma atomic-emission spectroscopy (ICP-AES) \[[@B1-foods-08-00345],[@B9-foods-08-00345]\]. It is obvious that more research needs to be conducted in this field to address consumers' concerns with regards to mineral content of milk, especially the concentrations of heavy metals. Indeed, in a recent meta-analytical study, we investigated mineral status of dairy cow raw milk from 37 countries and three types of production systems, including conventional (CONV), organic, and commercial (COMM) or retail store. Data showed that the organic milk has the lowest concentrations of the reported heavy metals versus the conventional and retail store milk \[[@B6-foods-08-00345]\]. Moreover, several heavy metals were found to be present in concentrations higher than the MRLs for the identified metals (Pb, As, and Hg) in several countries and areas of the world. To the best of our knowledge, there are no published data with regards to concentration of metals in the raw milk of dairy cows in Alberta or Canada. Therefore, the objective of this study was to quantify major macro- and microminerals as well as several heavy metals in the raw milk of Holstein dairy cows from 26 dairy farms in the province of Alberta. The aim is to compare results of this study with data collected and reported in our recently published meta-analytical study related to raw milk metals reported from different countries and with regards to the management system (organic, conventional, or retail store milk world-wide) \[[@B6-foods-08-00345]\]. The second aim is to provide important information to dairy producers in Alberta, Canada and beyond, as well as to nutritionists, nutrition advisors or consultants, food safety specialists, and different consumer groups with regards to milk metal content.

2. Materials and Methods {#sec2-foods-08-00345}
========================

2.1. Milk Sample Collection {#sec2dot1-foods-08-00345}
---------------------------

A total of 156 samples of raw milk were collected from 26 different farms in Alberta, Canada, from the northern, central, and southern regions of the province, in regions surrounding the cities of Edmonton, Red Deer, and Lethbridge (i.e., Northern, Central, and Southern Alberta areas, respectively). These three regions have different feeding regimens, with the northern region feeding mostly barley grain and forage, central feeding both corn and barley grain and forage, and the southern one feeding mostly corn grain and silage. Of note, we have not conducted soil or feedstuff mineral analyses in this study. Each of the 26 dairy farms had six samples analyzed. The study was conducted with the consent and agreement between Alberta Milk and CanWest DHI Lab and it was funded by Alberta Milk (dairy industry in Alberta) and the University of Alberta. All milk samples analyzed were provided during 2015 by CanWest DHI Laboratory in Edmonton, Alberta, Canada.

2.2. Mineral Identification and Quantification {#sec2dot2-foods-08-00345}
----------------------------------------------

Raw milk samples were analyzed for 20 minerals by ICP-MS. Mineral elements and quantified included macrominerals calcium (Ca), magnesium (Mg), phosphorus (P), potassium (K), and sodium (Na); microminerals boron (B), iron (Fe), manganese (Mn), cobalt (Co), copper (Cu), zinc (Zn), selenium (Se), rubidium (Rb), strontium (Sr), and molybdenum (Mo); and heavy metals aluminum (Al), arsenic (As), cadmium (Cd), chromium (Cr), and lead (Pb).

One mL of raw milk was mixed with 0.1 mL of HNO~3~, 0.1 mL of internal standards, and 8.8 mL of distilled water. Samples were then homogenized and analyzed with flow rate of 1 mL/min. Thirty-five sweeps/readings per sample were conducted with one reading per replicate and three replicates. Dwell times were 10 ms for Na, Al, K, Cu, Zn, and Sr, and 20 ms for the other metals, except for Se (150 ms). The integration times were the dwell time multiplied by the number of sweeps (in this case, it was 35). Therefore, integration times used were 350 ms for Al, K, Cu, Zn, and Sr; 5250 ms for Se, and 700 ms for the other elements. The final results are the average of three replicates. The instrument used to conduct the measurements was Perkin Elmer's Elan 6000 with four points of calibration curve (0, 0.25, 0.50, 1.00 ppm for Na, Ca, Mg, Fe, K, and P as well as 0, 0.005, 0.010, 0.020 ppm for the rest of the elements).

2.3. Statistical Analysis {#sec2dot3-foods-08-00345}
-------------------------

For each mineral, weighted mean and its associated variance, standard deviation, and standard error were calculated using the following models: $${X_{w} = \frac{n_{1}}{N}x_{1} + \frac{n_{2}}{N}x_{2} + \frac{n_{r}}{N}x_{r}}{\sigma_{w}^{2} = \frac{\left( {n_{1} - 1} \right)}{N - r}\sigma_{1}^{2} + \frac{\left( {n_{2} - 1} \right)}{N - r}\sigma_{2}^{2} + \frac{\left( {n_{r} - 1} \right)}{N - r}\sigma_{r}^{2}}{sd_{w} = \sqrt{\sigma_{w}^{2}}}{se_{w} = \frac{sd_{w}}{\sqrt{N}}}$$ where:*X~w~* is weighted mean$\sigma_{w}^{2}$ is weighted variance*sd~w~* is standard deviation of weighted mean*se~w~* is standard error of weighted mean*x*~1~, *x*~2~, *x~r~* are the individual samples*n*~1~, *n*~2~, *n~r~* are individual sample sizes of *x*~1~, *x*~2~, *x~r~*, respectively*N* is total sample size (*N = n*~1~ *+ n*~2~ *+ n~r~*)$\sigma_{1}^{2},~\sigma_{2}^{2},~\sigma_{r}^{2}~$ are individual sample variances*r* is number of observations for each element

To quantify the differences in concentration of each analyzed variable in different types of milk, all data were subjected to modeling analysis using *t*-test for means with unequal variances (Alberta vs. COMM (Commercial), Alberta vs. CONV (Conventional)): $$t = \frac{\left( {x_{1} - x_{2}} \right) - 0}{\sqrt{\frac{\sigma_{1}^{2}}{n_{1}} + \frac{\sigma_{2}^{2}}{n_{2}}}}$$ where: *x*~1~, *x*~2~ are weighted means$\sigma_{1}^{2},~\sigma_{2}^{2}~{{are}\ {weighted}\ {variances}}$*n*~1~, *n*~2~ are numbers of observations

Subsequently degrees of freedom (*df*) were calculated using following equation: $$df = \frac{\left( {\frac{\sigma_{1}^{2}}{n_{1}} + \frac{\sigma_{2}^{2}}{n_{2}}} \right)^{2}}{\frac{\left( \frac{\sigma_{1}^{2}}{n_{1}} \right)^{2}}{n_{1} - 1} + \frac{\left( \frac{\sigma_{2}^{2}}{n_{2}} \right)^{2}}{n_{2} - 1}}$$ where: $\sigma_{1}^{2},~\sigma_{2}^{2}~$ are weighted variances*n*~1~, *n*~2~, are numbers of observations

Results of each *t*-test were compared with critical values of student t distributions table at *p* ≤ 0.05. Calculated means for each mineral were compared with their respective recommended daily intake values (RDIs for macrominerals) or minimum risk levels (for heavy metals) obtained from the World Health Organization (WHO), the USA Agency for Toxic Substances and Disease Registry (ATSDR), Food and Drug Administration (FDA) daily values, European Food Safety Authority (EFSA), and Australian National Health and Medical Research Council \[[@B10-foods-08-00345],[@B11-foods-08-00345],[@B12-foods-08-00345],[@B13-foods-08-00345]\].

3. Results {#sec3-foods-08-00345}
==========

It should be noted that all the data presented in this study with regards to milk minerals in the 26 dairy farms in Alberta are compared with the data we generated and published in a previous meta-analytical study \[[@B6-foods-08-00345]\]. The data from this study will also be compared with mineral content of the world raw milk originating from world CONV dairy farms and from world COMM or retail stores. Of note, the present data were not available by the time the meta-analytical study was conducted and published. In fact, there was a scarcity of data for mineral content of the raw milk in Alberta and Canada. To the best of our knowledge, this is the first complete report of mineral elements in the raw milk of Holstein dairy cows in the province of Alberta, Canada.

A total of 20 minerals were quantified in the raw milk originating from 26 dairy farms in the province of Alberta. Thorough analysis of the data showed high variability in the concentrations of mineral elements depending on the region of origin ([Figure 1](#foods-08-00345-f001){ref-type="fig"}, [Figure 2](#foods-08-00345-f002){ref-type="fig"}, [Figure 3](#foods-08-00345-f003){ref-type="fig"} and [Figure 4](#foods-08-00345-f004){ref-type="fig"}).

Detailed analysis of minerals distribution in the raw milk showed high homogeneity of mineral content in different regions of Alberta. However, milk samples collected in the Edmonton area (Northern region) had lower B but higher As and Rb compared with the Lethbridge area (Southern region) (*p* \< 0.05). Additionally, milk from the Red Deer area (Central region) contained lower Rb than milk from the Northern part (Edmonton area) of the province (*p* \< 0.05) ([Table 1](#foods-08-00345-t001){ref-type="table"}).

Overall, concentrations of Ca in the raw milk of Alberta dairy farms was 37,980 μM, which was greater than the average concentration of Ca reported for the raw milk worldwide (36,632 μM) ([Table 2](#foods-08-00345-t002){ref-type="table"}); however, the difference reached no significance.

On the contrary, the raw milk in Alberta dairy farms contained significantly higher amounts of Ca compared with COMM milk WA ([Table 3](#foods-08-00345-t003){ref-type="table"}). Forty-six percent of the dairy farms included in this study showed concentrations of Ca above the WA, with two farms exceeding the world concentration of 45,000 μM. Milk samples collected in the region of Coaldale contained the lowermost amounts of Ca (26,904 μM), whereas in Lomond, the raw milk contained the highest Ca concentration at 48,993 μM.

The average concentration of Mg in the Alberta raw milk reached 6803 μM, which is 142% of the average concentration of Mg in the raw milk found in our previous worldwide report (4792 μM) (*p* \< 0.05). Additionally, Alberta raw milk was significantly richer in Mg than the COMM or CONV milk available worldwide ([Table 3](#foods-08-00345-t003){ref-type="table"}; *p* \< 0.05). The lowest concentration of Mg in the raw milk in Alberta was found in the milk deriving from Athabasca area (4625 μM), whereas the greatest amounts of Mg were found in the raw milk deriving from dairy farms in the Calmar area (10,166 μM). Of note, only the raw milk samples from Athabasca had lower concentrations of Mg compared to WA of 4855 μM.

In the present study, concentrations of inorganic P in the raw milk ranged from 31,393 μM (Duchess area) to 61,142 μM (Innisfail area). The calculated mean for Alberta raw milk samples for P reached 43,545 μM, and it was 28% higher than the WA concentration of 34,093 μM (*p* \< 0.05). Additionally, it was found that the average concentrations of P in the raw milk from Alberta dairy farms were greater compared with concentrations of P in the COMM or CONV raw milk samples reported worldwide ([Table 3](#foods-08-00345-t003){ref-type="table"}; *p* \< 0.05). Of note, only dairy farms located in the regions of Athabasca, Duchess, and Leduc had P concentrations below the WA.

Potassium in the raw milk of Alberta dairy farms was at an average level of 43,672 μM, which is 11% greater than WA levels of K reported (39,332 μM; *p* \< 0.05). Milk samples from Alberta contained higher concentrations of K compared with COMM or CONV milk samples worldwide ([Table 3](#foods-08-00345-t003){ref-type="table"}; *p* \< 0.05). The lowest K level reported in our study was in milk originating from Rocky Mountain House (39,396 μM), whereas the highest concentrations of K were found in raw milk collected near Gem (48,730 μM). Of note, concentrations of K in all farms in Alberta were above the WA.

The mean concentration of Na in the Alberta raw milk was 31,565 μM and it was greater than the means calculated for COMM and CONV milk samples worldwide ([Table 3](#foods-08-00345-t003){ref-type="table"}; *p* \< 0.05). The lowest Na concentration was found in the milk collected from Duchess dairy farms (21,053 μM). Additionally, this region was the only one with concentrations of Na in the raw milk below the WA (22,516 μM). In the rest of the Alberta dairy farms, concentrations of Na were higher, reaching 201% of the WA as was the case with Innisfail region with concentrations of Na reaching 45,160 μM.

Besides the macrominerals, 11 microminerals and trace elements were quantified in this study. The minimum level of B found in the raw milk samples of Alberta dairy farms was 14.01 μM (in the Tofield region), whereas the maximum concentrations were found to be 54.26 μM (in the Etzikom area). The average concentration of B in the 26 dairy farms in Alberta reached 32.25 μM, or 110% of the B concentration of the world raw milk; however, the difference reached no significance. Moreover, Alberta raw milk samples contained lower amounts of B compared with world's CONV but higher than the COMM milk. In 17 farms, we found higher B concentrations when comparing to the reported WA levels of B ([Figure 2](#foods-08-00345-f002){ref-type="fig"}).

The mean concentration of Fe in the raw milk of Alberta dairy farms was 3.5-fold lower than the WA (4.67 μM vs. 16.63 μM). Comparison of the calculated mean concentration for Fe in the raw milk of Alberta with the concentrations of the COMM and CONV milk samples indicated that both types of milk contained more Fe than Alberta milk ([Table 2](#foods-08-00345-t002){ref-type="table"}). The greatest amount of Fe in Alberta dairy farms was 8.55 μM, found in the raw milk samples originating from the Magrath region. Additionally, milk samples originating from Fort MacLeod had very low Fe concentrations at 1.49 μM.

Rubidium was significantly lower in Alberta milk samples compared with the average mean calculated for milk analyzed in other countries (*p* \< 0.05). However, concentration of Rb calculated for Alberta was greater than the one calculated for COMM milk worldwide. On the other hand, milk Rb in Alberta was 3.5-fold less than the Rb concentration found in CONV milk worldwide ([Table 3](#foods-08-00345-t003){ref-type="table"}, *p* \< 0.05). Of note, in 24 farms in Alberta, we found that concentrations of Rb were below the WA (28.56 μM compared with 47.05 μM). Only milk samples collected in the regions of Athabasca and Tofield exceeded that WA mean (58.51 μM, and 114.92 μM, respectively). The lowermost concentration of Rb was found in raw milk sample collected in the Etzikom region.

Concentrations of St and Zn in the milk varied among samples collected in Alberta. Both minerals reached average means similar to those of WAs ([Table 2](#foods-08-00345-t002){ref-type="table"}). The lowest milk means for Sr and Zn were found in the Athabasca (Sr; 4.59 μM) and Coaldale (Zn; 45.89 μM) regions, whereas milk collected from Calmar area contained higher amounts of both minerals (10.77 μM, and 108.14 μM, respectively). Additionally, lower amounts of Sr were found in the COMM milk, but not in the CONV milk samples compared to Alberta (*p* \< 0.05). On the contrary, Zn was lower in both production systems, including COMM and CONV milk, when compared with Alberta data.

Average concentration of Co in the raw milk of Alberta dairy cows was around 1% of the WA (0.04 μM vs. 3.99 μM, respectively) ([Figure 3](#foods-08-00345-f003){ref-type="fig"}). Moreover, its concentration was significantly lower compared with worldwide COMM and CONV ([Table 2](#foods-08-00345-t002){ref-type="table"}; *p* \< 0.05) raw milk. The minimal level of Co found in the Alberta raw milk was 0.02 μM in the area of Leduc, whereas the highest concentration of this mineral were found in the milk samples collected in the area of Bowden (0.06 μM).

Copper ranged from 0.51 μM (Linden region) to 1.68 μM (Millicent region), with the average of 0.93 μM, which represents 27% of Cu found in the milk samples worldwide. Importantly, all farms in Alberta had concentrations of Cu in the milk below the WA. Moreover, Cu concentration in the Alberta milk samples was nearly four-fold lower compared with CONV and COMM milk samples reported for other countries ([Table 3](#foods-08-00345-t003){ref-type="table"}; *p* \< 0.05).

The average means of Mn and Mo concentrations found in the Alberta cows' milk were 0.55 and 0.52 μM, respectively. Milk in Alberta contained lower amounts of both minerals versus milk samples in other countries ([Table 2](#foods-08-00345-t002){ref-type="table"}; *p* \< 0.05). Manganese ranged from 0.38 μM (Duchess area) to 0.82 μM in Bowden, whereas Mo ranged from 0.35 μM in Coaldale to 0.74 μM in Rocky Mountain House. Comparing means reported in the literature for both minerals, Mn and Mo were lower in Alberta milk samples compared with those of COMM and CONV milk worldwide (*p* \< 0.05).

Alberta milk contained greater amounts of Se compared with other dairy farms worldwide (1.18 μM vs. 0.77 μM). However, detailed analysis showed lower milk Se in the Alberta farms compared with the COMM milk but it was higher compared with CONV milk samples ([Table 3](#foods-08-00345-t003){ref-type="table"}). In all 26 farms analyzed, milk Se was found to be above the WA, with the lowest concentrations found in Coaldale milk (0.78 μM). Milk collected in Olds area contained more than three-fold (2.34 μM) the average amount of Se in the raw milk of dairy farms around the globe.

Overall, in the presented study, we examined concentrations of several important heavy metals in the raw milk samples collected from 26 dairy farms in the province of Alberta ([Figure 4](#foods-08-00345-f004){ref-type="fig"}). It should be noted that all heavy metals determined in the Alberta raw milk were below their respective minimum risk levels (MRL's). It should be noted that while concentrations of Al, As, Cd, and Pb were below their WAs, the concentration of Cr was above the world average. The lowest concentrations for heavy metals were observed in the areas of Tofield (Al), Coaldale (As and Cr), Leduc (Cd), and Drumheller (Pb). Most importantly, in all milk samples analyzed in the Drumheller area, Pb levels were below the limit of detection for this element. On the contrary, Al was highest in the Calmar area, As and Cd in the Olds area, Cr in the Leduc area, and Pb in Picture Butte area.

4. Discussions {#sec4-foods-08-00345}
==============

In a recent research article \[[@B6-foods-08-00345]\], we showed large variability with regards to concentrations of major milk minerals worldwide. Moreover, in some countries, our meta-analytical analysis showed that concentrations of selected heavy metals (i.e., Cd and Pb) were above their MRLs in the raw milk samples. Since the physiological and health significance of milk minerals was covered extensively in the aforementioned article, in the present study we will focus our discussion on the raw milk mineral differences between Canada vs. the world and on the mineral nutritional quality of Alberta raw milk. For this purpose, we compared the total amount of each milk mineral with the RDIs or MRLs for each analyzed mineral considering an intake of 300 mL of milk in a diet, based on 2000 calories per day ([Table 4](#foods-08-00345-t004){ref-type="table"}).

In order to eliminate the influence of season, all samples were collected during a similar period of time (approximately 3 months). It has to be noted that since 95% of dairy cows in Alberta are represented by the Holstein breed \[[@B14-foods-08-00345]\], any fluctuations in the concentrations of milk minerals are unlikely to be related to genetic factors.

With regards to the group of macrominerals, raw milk from the province of Alberta, Canada contained, as an average, higher concentrations of Ca, Mg, P, K, and Na compared with the respective average concentrations of those minerals in the world raw milk. Concentrations of macrominerals in the raw milk of Alberta should be linked with the dietary composition, and with the mineral content of soil, plants, and water in dairy farms. Several studies have shown that milk Ca is greater in the raw milk containing high concentration of proteins \[[@B15-foods-08-00345],[@B16-foods-08-00345],[@B17-foods-08-00345]\]. Several other labs have demonstrated that excessive mineral supplementation increases concentrations of Mg and P in the raw milk \[[@B18-foods-08-00345],[@B19-foods-08-00345]\]. Moreover, K in the raw milk is high in several developed countries in relation with the excessive utilization of artificial fertilizers and slurry for crop development \[[@B20-foods-08-00345],[@B21-foods-08-00345]\]. Furthermore, Na in the milk is believed to represent the osmoregulatory status of each individual cow \[[@B22-foods-08-00345],[@B23-foods-08-00345]\]. It should be pointed out that a previous research article reported that water offered to cows influences the content of macrominerals in Alberta raw milk \[[@B24-foods-08-00345]\]. Results of our study show that Alberta raw milk should be considered as a good source of macrominerals. Based on our data, cow's raw milk in Alberta covers approximately 40% of the RDIs for Ca and P, almost 15% of the RDIs for Mg and K, and less than 10% of RDI for Na. Since milk is not the only source of macrominerals in the diet, it might be considered as a complementary dietary supplement for minerals.

Milk trace elements are important components of the organism's metalloenzyme complexes \[[@B25-foods-08-00345]\]. In this study, we investigated ten different microminerals. Boron is known as a milk aqueous phase component, strongly related to its content in the environment \[[@B1-foods-08-00345]\]. Our research confirms these reports. In our study, samples collected in a radius of approximately 40 km contained significantly different amounts of this mineral (52.97 µM for raw milk originating from Lethbridge area vs. 31.13 µM for the raw milk coming from Magrath and Picture Coaldale area). Interestingly, according to previous research \[[@B26-foods-08-00345]\], it was expected that the greatest concentrations of B would be in the milk samples collected from the Northern area of the province. However, this was not the case in this study, as the milk samples collected from the Southern part of the province exhibited greater concentrations of B. Boron is considered an essential nutrient for plants' growth. Importantly, greater amounts of B were found in forages and grains but lower in the barley grain \[[@B27-foods-08-00345]\]. This is in line with our findings, since there are differences in the feedstuff offered to the dairy cows in various regions of Alberta where the southern region feeds mostly corn grain and forage (or silage); the central part of the province feeds more of a mixture of corn and barley grain and forage (or silage) and the northern region feeds mostly barley grain and forage. It should be noted that presence of B in the environment is anthropogenic (influenced by humans); therefore, increased B in the raw milk samples collected from the Southern part of Alberta might be related to application of fertilizers or herbicides containing boron, or use of waste water for irrigation \[[@B28-foods-08-00345]\]. It should be noted that Alberta raw milk delivers only 0.52% of the RDI for B.

According to Patra et al. \[[@B29-foods-08-00345]\], Co in the raw milk increases with increasing concentrations of Pb in the milk. Our findings do not confirm these observations since Co and Pb showed independent distribution. For example, in the milk coming from Picture Butte area, we found higher Pb than in any other area under study, whereas concentrations of Co showed similarity among various areas including Picture Butte. Therefore, any conclusions regarding milk Co in the Alberta raw milk should be treated with caution and requires further investigation. In terms of nutrition, milk from Alberta dairy farms provides less than 4% of the RDI for this mineral.

It has been known for a long time that intakes of Cu and Zn are strongly antagonistic. Zinc and Cu compete and/or inhibit each other at the level of intestinal epithelial cells in relation with concentration of each of the elements in the intestinal lumen \[[@B30-foods-08-00345]\]. Furthermore, it should be noted that although these elements are considered essential metals, excessive intake may cause adverse effects \[[@B31-foods-08-00345]\]. Enhanced concentration of one of the elements in the milk consequently limits concentration of the other element \[[@B32-foods-08-00345]\]. Data from our meta-analytical study \[[@B6-foods-08-00345]\] and from the present study support this antagonism. In milk from Alberta we found greater concentrations of Zn in the raw milk versus WA, which probably resulted in significantly lower concentrations of Cu in the same milk. Overall, Alberta milk covers less than 1% of the RDI for Cu and 9.16% of the RDI for Zn.

Milk Fe was previously shown to be positively correlated with its amounts in the water offered to livestock animals \[[@B33-foods-08-00345]\]. Linn \[[@B24-foods-08-00345]\] showed high amounts of Fe in Alberta water; however, we found lower Fe in the raw milk samples in Alberta compared with the WA. These findings indicate that there might be some other unknown factor(s) influencing concentrations of Fe in Alberta raw milk \[[@B23-foods-08-00345],[@B34-foods-08-00345]\]. Regarding Fe RDI, an adult needs to consume around 15 mg of Fe per day. According to our calculations, raw milk Fe in Alberta can cover less than 1% of this requirement. Therefore, raw Alberta milk cannot be considered as a good source of Fe in the diet.

The results of our study also showed lower Mn in Alberta raw milk compared with other studies. Manganese has been reported to be increased in the milk of dairy cows in areas surrounding heavy industry facilities or in polluted areas \[[@B32-foods-08-00345]\]. In Alberta, however, the main factor possibly affecting concentration of Mn in the raw milk is genetics. As previously demonstrated, Holstein breed of cows has lower Mn in the milk versus the other breeds of cattle \[[@B35-foods-08-00345]\]. Our study is in agreement with this previously reported finding. The very low concentrations of Mn in Alberta raw milk can provide less than 0.2% of the RDI for Mn. Therefore, it can be concluded that milk in itself is an insufficient source for this mineral.

Milk Mo is associated mostly with milk-fat-globule membrane. Therefore, the dietary bioavailability of this mineral is believed to be a limiting factor for Mo concentration in the milk \[[@B21-foods-08-00345]\]. In the raw milk of Alberta, Mo varied from 0.35 to 0.74 µM, which represents 36% to 77% of the WA. Lower concentrations of this mineral in the milk can be considered an advantage of the Alberta milk, since a glass of milk provides less than 20% of its RDI. Due to negative implication of excessive intakes of Mo on reproductive functions of males \[[@B36-foods-08-00345],[@B37-foods-08-00345]\], lower amounts of Mo in the Alberta raw milk make it a safe product to consume \[[@B38-foods-08-00345]\].

Rubidium is not considered an essential mineral, although it is present in almost all animal tissues. This is related to its good solubility in the water, which results in its accumulation in plants and animal tissues. However, it should be pointed out that the precise role of Rb in the metabolism of animals and cows remains unclear. Nevertheless, according to several reports, no harmful effects of excessive Rb intake have been reported \[[@B39-foods-08-00345],[@B40-foods-08-00345],[@B41-foods-08-00345],[@B42-foods-08-00345],[@B43-foods-08-00345]\]. In this study, we found lower concentrations of Rb in Alberta raw milk compared with the WA. However, in milk samples collected from Tofield and Athabasca areas located in the Northern part of the province, milk Rb was significantly higher than in other milk samples from Alberta. On the other hand, out of two samples collected from the Tofield and Athabasca areas, one contained half as much Rb as the other one. It is known that Rb has good bioaccumulation properties, and it is abundant in the areas rich in granite or illite clays, which have been reported as the main clay types in Alberta \[[@B44-foods-08-00345]\]. Due to there being only a few studies conducted on the Rb impact on human health, there is currently no RDI established for this element \[[@B45-foods-08-00345]\].

According to our data, Alberta's raw milk contains 54% more Se than the calculated WA. Thus, a glass of Alberta raw milk covers nearly 80% of the RDI for this mineral. As discussed in our previous meta-analytical study \[[@B6-foods-08-00345]\], concentrations of Se in the raw milk are dependent on the intake from the diet. In rural areas, where soils are poor in Se, this mineral is lower in the milk.

This tendency is also true for Alberta, where soils rich in selenium, otherwise known as seleniferous soils, are very common \[[@B46-foods-08-00345]\]. Of note, excessive amounts of Se intake might cause various adverse effects \[[@B47-foods-08-00345],[@B48-foods-08-00345]\]. Given that the raw milk in Alberta has lower concentrations of Se than its RDI (80%), it should be concluded that Alberta milk is safe for consumption with regards to Se content.

Due to its chemical properties and similarity to Ca, Sr is easily absorbed by human body; however, this is true for the vaporized form of Sr. When ingested, only a small portion of Sr is absorbed into the blood circulation \[[@B49-foods-08-00345],[@B50-foods-08-00345]\]. Animals secrete Sr via body fluids such as urine, sweat, or milk. Most Sr is absorbed by plants from soil; however, it has been shown that Sr content in Alberta soils may vary significantly \[[@B51-foods-08-00345]\]. This mineral is not of concern for Alberta consumers, because Alberta milk covers only 4.27% of the RDI for this metal, and does not differ from the World mean concentration of Sr in the raw milk.

The group of minerals known as heavy metals are naturally occurring minerals with possible harmful effects in case of excessive ingestion \[[@B52-foods-08-00345]\]. In our study, we analyzed presence of five heavy metals, including Al, As, Cd, Cr, and Pb. Heavy metals are present in the raw milk samples analyzed in Alberta dairy farms; however, concentrations of those metals are very low and below the MRLs for human intake. The excessive intake of heavy metals above the recommended levels is harmful for human health. Lead (Pb) and cadmium (Cd) are the most toxic elements for humans and cattle health because of their cumulative effect \[[@B5-foods-08-00345],[@B29-foods-08-00345]\]. The intake of 300 mL/d of Alberta raw milk represent only 8.85 and 5.62% of the safety recommendation for these heavy metals, respectively.

An interesting finding of our study is that milk in the Northern part of Alberta contains greater As than raw milk collected at southern part of the province. Concentration of As is related to concentration of P due to the competition for adsorption sites on oxyhydroxide surfaces \[[@B53-foods-08-00345]\]. This observation is true in our study, where we found higher As but lower P in Northern part of Alberta, while the lowest As was accompanied with the highest P among province subregions. According to Lemay \[[@B54-foods-08-00345]\], higher As concentrations in Northern and Central parts of Alberta are related to the geology of the province. Additionally, some as might have anthropological origin, related to crop fertilizers or wood preservatives. The raw milk daily intake for as in raw milk in Alberta is 23.94%. It should be noted that concentrations of As were below its MRL; therefore, Alberta milk can be considered a safe product for human consumption.

The other heavy metals analyzed show a raw milk daily intake around 0.51% for Al and 63.93% for Cr. Of note, only Cr^6+^ is considered a potential harmful metal. In our study, we analyzed the total content of Cr and not the valency differentiations. Therefore, any conclusions regarding this element or its high concentration in the Alberta raw milk warrants cautious interpretation and further investigation. Moreover, it must be pointed out that consumption of Cr is beneficial to a certain point, since it has been shown to play a role in improving glucose tolerance \[[@B55-foods-08-00345]\].

5. Conclusions {#sec5-foods-08-00345}
==============

Overall, to the best of our knowledge, this is the first study analyzing raw milk minerals in dairy farms in the province of Alberta, Canada. Data from this study indicate that Alberta milk has a safe mineral content for human consumption. Alberta milk is a good source of Ca and P, covering more than 40% of their RDIs for both minerals. On the other hand, Alberta raw milk offers lower than WA amounts but normal amounts of Mg, P, and Na. Considering consumption of other food sources in the diet, this suggests that Alberta raw milk provides substantial amounts for these minerals. Regarding average concentrations of microminerals and trace elements in the raw milk of Alberta dairy cows, greater concentrations of Se and Zn were found in the raw milk compared with the world CONV milk. Nevertheless, the calculated means for those two metals still were below their respective MRLs. The most important conclusion drawn from this study is that concentrations of heavy metals in the Alberta raw milk are significantly lower than the calculated means of all those elements compared with the WA. Alberta raw milk had high Cr content, albeit within its RDI, but it must be noted that only Cr^6+^ is considered harmful to humans and this study cannot conclude whether Cr^6+^ was high. Further investigation needs to determine the type of Cr valency contained in Alberta milk.

There were very few differences among the three regions of Alberta (Northern, Central, and Southern) with regards to mineral content of raw milk, including greater concentrations As and Rb and lower concentrations of B in the Northern region vs. the Central and Southern which might be related to the soil composition, origin of grain and forages, as well as water sources and mineral supplements.
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![Distribution of macrominerals in raw milk samples from 26 dairy farms in Alberta with regards to world averages (red line).](foods-08-00345-g001){#foods-08-00345-f001}

![Distribution of microminerals (boron, iron, rubidium, strontium, and zinc) in Alberta milk samples with regards to world averages (red line).](foods-08-00345-g002){#foods-08-00345-f002}

![Distribution of microminerals (cobalt, copper, manganese, molybdenum, and selenium) in Alberta milk samples with regards to world averages (red line).](foods-08-00345-g003){#foods-08-00345-f003}

![Distribution of heavy metals (aluminium, arsenic, cadmium, chromium, and lead) in Alberta milk samples with regards to world averages (red line).](foods-08-00345-g004){#foods-08-00345-f004}

foods-08-00345-t001_Table 1

###### 

Concentration of macro- and microminerals as well as heavy metals in the raw milk of dairy cows in subregions of Alberta, Canada.

  ------------------ -------------- -------- --------- ------------- -------- --------- -------------- -------- --------- ---------------
  **Macromineral**   **Northern**   **SD**   ***n***   **Central**   **SD**   ***n***   **Southern**   **SD**   ***n***   ***p*-value**
  Calcium            38,519         5941     48        37,078        7760     66        38,784         10,118   42        NS
  Magnesium          7148           1353     48        6644          1448     66        6659           1348     42        NS
  Phosphorus         44,072         8960     48        42,965        8134     66        43,852         9057     42        NS
  Potassium          43,701         4942     48        43,417        6437     66        44,040         4835     42        NS
  Sodium             31,200         6711     48        31,923        8169     66        31,420         6459     42        NS
  **Micromineral**   **Northern**   **SD**   ***n***   **Central**   **SD**   ***n***   **Southern**   **SD**   ***n***   ***p*-value**
  Boron              28.58 ^a^      5.13     48        30.74         7.91     65        38.80 ^b^      8.58     42        *p* \< 0.05
  Cobalt             0.04           0.01     48        0.05          0.02     66        0.04           0.01     42        NS
  Copper             0.92           0.38     48        0.91          0.74     66        0.96           0.46     42        NS
  Iron               4.05           1.59     48        4.90          3.72     65        5.06           1.93     42        NS
  Manganese          0.58           0.18     48        0.55          0.20     66        0.50           0.18     42        NS
  Molybdenum         0.53           0.09     48        0.51          0.18     66        0.51           0.12     42        NS
  Rubidium           43.65 ^a^      12.12    48        22.60 ^b^     5.59     66        20.69 ^b^      3.10     42        *p* \< 0.05
  Selenium           1.06           0.16     48        1.31          0.83     66        1.11           0.26     42        NS
  Strontium          7.31           1.79     48        6.76          2.31     66        5.31           1.99     42        NS
  Zinc               71.25          16.25    48        68.88         20.24    66        73.90          25.23    40        NS
  **Heavy metal**    **Northern**   **SD**   ***n***   **Central**   **SD**   ***n***   **Southern**   **SD**   ***n***   ***p*-value**
  Aluminium          1.301          0.407    47        1.449         1.018    66        0.998          0.310    42        NS
  Arsenic            0.106 ^a^      0.014    48        0.123         0.172    66        0.088 ^b^      0.017    42        *p* \< 0.05
  Cadmium            0.001          0.000    48        0.002         0.003    66        0.002          0.000    42        NS
  Chromium           5.227          0.558    48        4.949         1.953    66        4.664          1.880    42        NS
  Lead               0.003          0.002    48        0.004         0.003    66        0.004          0.001    42        NS
  ------------------ -------------- -------- --------- ------------- -------- --------- -------------- -------- --------- ---------------

All values are expressed as µM concentration. ^a,b^ Least square means within a row lacking common superscripts differ at *p* \< 0.05. NS, not significant.

foods-08-00345-t002_Table 2

###### 

Concentration of macro- and microminerals as well as heavy metals in the raw milk of dairy cows in Alberta, Canada compared with the respective World averages.

  ------------------ ------------ -------- --------- --------- --------- -------------- ---------- --------- --------- ---------------- --------- ------------- ---------------
  **Macromineral**   **Canada**   **SD**   ***n***   **Min**   **Max**   **World \***   **SD**     ***n***   **Min**   **Country**      **Max**   **Country**   ***p*-value**
  Calcium            37,980       7327     156       26,904    47,955    36,632         5476       3345      2096      Czech Republic   242,016   Austria       NS
  Magnesium          6803 ^a^     1248     156       4625      10,166    4792 ^b^       911        3,274     2350      Poland           38,272    Germany       *p* \< 0.05
  Phosphorus         43,545 ^a^   7873     156       31,394    61,148    34,093 ^b^     6544       818       13,691    Poland           271,230   Germany       *p* \< 0.05
  Potassium          43,672 ^a^   4920     156       39,396    48,730    39,332 ^b^     5939       3001      21,893    Czech Republic   371,355   Austria       *p* \< 0.05
  Sodium             31,565 ^a^   6453     156       21,954    45,160    22,516 ^b^     4900       2986      12,049    Czech Republic   130,492   Germany       *p* \< 0.05
  **Micromineral**   **Canada**   **SD**   ***n***   **Min**   **Max**   **World \***   **SD**     ***n***   **Min**   **Country**      **Max**   **Country**   ***p*-value**
  Boron              32.25        6.64     155       14.01     54.26     29.33          62.58      173       7.86      Poland           277.52    Germany       NS
  Cobalt             0.04 ^a^     0.01     156       0.02      0.06      3.99 ^b^       1.95       511       \<0.01    Spain            83.98     Germany       *p* \< 0.05
  Copper             0.93 ^a^     0.49     156       0.51      1.68      3.43 ^b^       9.08       3668      0.50      Poland           61.37     Slovakia      *p* \< 0.05
  Iron               4.67 ^a^     2.33     156       1.49      8.55      16.63 ^b^      24.93      2990      2.69      Czech Republic   155.42    India         *p* \< 0.05
  Manganese          0.55 ^a^     0.17     156       0.38      0.82      1.11 ^b^       0.42       1590      0.24      Czech Republic   6.92      China         *p* \< 0.05
  Molybdenum         0.52 ^a^     0.12     156       0.35      0.74      0.95 ^b^       0.28       274       0.11      Poland           3.86      Germany       *p* \< 0.05
  Rubidium           28.56 ^a^    7.14     156       13.84     58.51     47.05 ^b^      10.84      152       0.02      Japan            427.87    Austria       *p* \< 0.05
  Selenium           1.18         0.46     156       0.78      2.34      0.77           13.33      2240      0.07      Brazil           18.05     South Korea   NS
  Strontium          6.54         1.84     156       4.59      10.77     6.65           1.09       283       0.05      Japan            35.61     Germany       NS
  Zinc               70.02        18.85    156       45.89     108.14    64.04          29.13      3358      14.45     Saudi Arabia     688.18    Germany       NS
  **Heavy metal**    **Canada**   **SD**   ***n***   **Min**   **Max**   **World \***   ***SD***   ***n***   **Min**   **Country**      **Max**   **Country**   ***p*-value**
  Aluminum           1.28 ^a^     0.59     156       0.267     2.573     13.92 ^b^      9.17       564       1.89      Poland           275.28    Turkey        *p* \< 0.05
  Arsenic            0.11         0.09     156       0.056     0.281     0.39           1.09       648       0.01      South Korea      1.78      Italy         NS
  Cadmium            \<0.01       \<0.01   156       \<0.01    \<0.01    0.17           0.76       2007      \<0.01    Turkey           2.40      Slovakia      NS
  Chromium           4.92 ^a^     1.44     156       3.017     6.096     1.91 ^b^       7.09       1032      0.07      Germany          33.78     Nigeria       *p* \< 0.05
  Lead               \<0.01 ^a^   \<0.01   156       \<0.01    \<0.01    0.34 ^b^       0.43       2218      \<0.01    RSA              4.10      India         *p* \< 0.05
  ------------------ ------------ -------- --------- --------- --------- -------------- ---------- --------- --------- ---------------- --------- ------------- ---------------

All values are expressed as µM concentration; \* World data adapted from Zwierzchowski & Ametaj, 2018 \[[@B6-foods-08-00345]\]; ^a--c^ Least square means within a row lacking common superscripts differ at *p* \< 0.05.

foods-08-00345-t003_Table 3

###### 

Concentration of macro- and microminerals as well as heavy metals in the raw milk of dairy cows in Alberta, Canada compared with the retail store milk (commercial) and farm milk (conventional) around the world.

  ------------------ ------------ -------- --------- --------- --------- ------------ ----------- --------- --------- --------- ------------- ------------ --------- --------- --------- ---------------
  **Macromineral**   **Canada**   **SD**   ***n***   **Min**   **Max**   **COM \***   **SD**      ***n***   **Min**   **Max**   **CONV \***   **SD**       ***n***   **Min**   **Max**   ***p*-value**
  Calcium            37,980 ^a^   7327     156       26,904    47,955    31,819 ^b^   2054        461       2096      38,423    37,744 ^a^    5,885        2791      14,147    242,016   *p* \< 0.05
  Magnesium          6803 ^a^     1248     156       4625      10,166    4649 ^b^     467         479       4239      5144      4855 ^b^      977          2702      2350      38,272    *p* \< 0.05
  Phosphorus         43,545 ^a^   7873     156       31,394    61,148    28,285 ^b^   1726        32        27,058    29,383    35,954^c^     6,986        689       13,691    271,230   *p* \< 0.05
  Potassium          43,672 ^a^   4920     156       39,396    48,730    38,781 ^b^   2487        407       23,223    43,095    39,756 ^b^    5,817        2537      21,893    371,355   *p* \< 0.05
  Sodium             31,565 ^a^   6453     156       21,954    45,160    23,520 ^b^   3408        425       15,702    26,490    22,417 ^b^    5,109        2508      12,049    130,492   *p* \< 0.05
  **Micromineral**   **Canada**   **SD**   ***n***   **Min**   **Max**   **COM \***   **SD**      **n**     **Min**   **Max**   **CONV \***   **SD**       ***n***   **Min**   **Max**   ***p*-value**
  Boron              32.25 ^a^    6.64     155       14.01     54.26     10.58 ^b^    0.77        18        9.71      11.29     43.52         80.43        102       8.39      277.52    *p* \< 0.05
  Cobalt             0.04 ^a^     0.01     156       0.02      0.06      0.07 ^b^     0.01        87        \<0.01    0.10      5.82^c^       2.34         349       \<0.01    83.98     *p* \< 0.05
  Copper             0.93 ^a^     0.49     156       0.51      1.68      3.82 ^b^     3.10        573       1.08      27.22     3.43          9.95         2980      0.50      61.37     *p* \< 0.05
  Iron               4.67 ^a^     2.33     155       1.49      8.55      18.35 ^b^    9.60        522       3.04      147.31    16.62 ^b^     27.63        2353      2.69      155.42    *p* \< 0.05
  Manganese          0.55 ^a^     0.17     156       0.38      0.82      2.13 ^b^     0.72        167       0.24      6.92      1.04^c^       0.39         1308      0.31      4.79      *p* \< 0.05
  Molybdenum         0.52 ^a^     0.12     156       0.35      0.74      1.20 ^b^     0.44        55        0.26      1.98      0.96^c^       0.25         144       0.11      3.86      *p* \< 0.05
  Rubidium           28.56 ^a^    7.14     156       13.84     58.51     18.10 ^b^    0.02        96        0.02      27.27     96.69^c^      18.26        56        0.02      427.87    *p* \< 0.05
  Selenium           1.18 ^a^     0.46     156       0.78      2.34      2.99a        31.83       411       0.07      18.05     0.27 ^b^      0.12         1683      0.12      5.07      *p* \< 0.05
  Strontium          6.54 ^a^     1.84     156       4.59      10.77     4.29 ^b^     0.01        96        0.05      6.95      10.32^c^      1.59         134       0.06      35.61     *p* \< 0.05
  Zinc               70.02 ^a^    18.85    156       45.89     108.14    53.45 ^b^    8.32        550       41.6      72.71     67.33 ^a^     32.25        2689      14.45     688.18    *p* \< 0.05
  **Heavy metal**    **Canada**   **SD**   ***n***   **Min**   **Max**   **COM \***   **SD**      ***n***   **Min**   **Max**   **CONV \***   **SD**       ***n***   **Min**   **Max**   ***p*-value**
  Aluminum           1.28 ^a^     0.59     155       0.27      2.57      NO DATA      15.13 ^b^   9.59      511       2.06      275.28        *p* \<0.05                                 
  Arsenic            0.11 ^a^     0.09     156       0.06      0.28      0.05 ^b^     \<0.01      87        0.01      0.23      0.49a         1.25         486       0.01      1.78      *p* \< 0.05
  Cadmium            \<0.01 ^a^   \<0.01   156       \<0.01    \<0.01    0.07 ^b^     0.05        145       0.01      0.91      0.19a         0.81         1747      0.00      2.40      *p* \< 0.05
  Chromium           4.92 ^a^     1.44     156       3.02      6.10      2.95 ^b^     0.65        161       0.09      7.02      1.85a         8.02         796       0.07      33.78     *p* \< 0.05
  Lead               \<0.01 ^a^   \<0.01   156       \<0.01    \<0.01    0.45 ^b^     0.31        203       0.02      1.11      0.34 ^b^      0.45         1900      0.00      4.10      *p* \< 0.05
  ------------------ ------------ -------- --------- --------- --------- ------------ ----------- --------- --------- --------- ------------- ------------ --------- --------- --------- ---------------

All values are expressed as µM concentration; \* world data adapted from Zwierzchowski & Ametaj, 2018 \[[@B6-foods-08-00345]\]. ^a--c^ Least square means within a row lacking common superscripts differ at *p* \< 0.05; COM---commercial milk, CONV---conventional milk.

foods-08-00345-t004_Table 4

###### 

Concentration and the percentage of daily intake of micro- and macrominerals as well as heavy metals in the raw milk of Alberta, Canada versus recommended daily intakes (RDI).

  ------------------ ------------------------------------- ----------------------------- ------------------------------
  **Macromineral**   **Total Concentration (mg/300 mL)**   **RDI ^1^** **(mg/day)**      **Intake from Milk ^3^ (%)**
  Calcium            456.7                                 1000                          45.67
  Magnesium          49.59                                 350                           14.17
  Phosphorus         404.6                                 1000                          40.46
  Potassium          512.3                                 3500                          14.64
  Sodium             217.7                                 2400                          9.07
  **Micromineral**   **Total Concentration (µg/300 mL)**   **RDI ^1^** **(µg/day)**      **Intake from Milk ^3^ (%)**
  Boron              104.6                                 20,000                        0.52
  Cobalt             0.8                                   19.85                         3.83
  Copper             17.7                                  2000                          0.88
  Iron               78.2                                  15,000                        0.52
  Manganese          9.0                                   5000                          0.18
  Molybdenum         14.9                                  75.00                         19.83
  Rubidium           643.9                                 ND                            ND
  Selenium           27.9                                  35.00                         79.73
  Strontium          171.9                                 4030                          4.27
  Zinc               1,373.8                               15,000                        9.16
  **Heavy Metal**    **Total Concentration (µg/300 mL)**   **Toxic Dose ^2^ (µg/day)**   **Intake from Milk ^3^ (%)**
  Aluminum           10.38                                 2020.30                       0.51
  Arsenic            2.43                                  10.14                         23.94
  Cadmium            0.05                                  0.97                          5.62
  Chromium           76.71                                 120.00                        63.93
  Lead               0.21                                  2.39                          8.85
  ------------------ ------------------------------------- ----------------------------- ------------------------------

^1^ RDI = Recommendation daily intake or maximum values are based on values from the Australian National Health and Medical Research Council, the World Health Organization (WHO), and European Food Safety Authority (EFSA). ^2^ Toxic dose according to toxicological profiles by the Agency for Toxic Substances and Disease Registry, Atlanta, Georgia, US. ^3^ Daily intake was calculated based on a diet of 2000 calories for person of 4 or more years of age and using a milk intake of 300 mL with 3.7% of fat representing 192 calories or 0.96% of total of 2000 calories per day. ND, not detect.
